###### Strengths and limitations of this study

-   The study includes both direct and indirect costs including opportunity cost of time lost for caring for the patient.

-   We used robust statistical analysis; stepwise regression analysis was chosen to take care of any possible confounders to the study findings.

-   The study was conducted from a patient perspective thus restricting interpretation of the findings to the patient perspective only.

-   The data were collected solely through exit interviews of caregivers.

-   The study was conducted in one county and the findings may therefore not be generalisable to all counties in Kenya due to geographic and socioeconomic variations.

Introduction {#s1}
============

Cost of healthcare services in sub-Saharan Africa is a major impediment to attainment of Universal Health Coverage.[@R1] Malaria is a major cause of paediatric morbidity and mortality in this part of the world.[@R2] The burden of malaria treatment on households is felt most among poor rural populations.[@R4] Understanding the cost drivers for the treatment of paediatric malaria is important for devising strategies for optimising such costs. Few cost-modelling studies on paediatric malaria treatment in resource scarce settings, from a patient perspective, have been performed as is the case in this study. Most models have not included costs ingredients such as forgone earnings and cost of transportation to and from the heath facility.[@R5] When free treatment policy for malaria in children under the age of 5 years was introduced in Kenya in the year 2005, it was expected that such a shift would improve financial access to treatment by the poorest patients. This assumption however did not include non-user fee payments and other intangible costs that have been shown to be significantly associated with the risk of catastrophic household health expenditure.[@R6] There have however been reports of several unofficial user fees being charged for paediatric malaria treatment despite their official abolition.[@R7] This necessitates costing malaria treatment from a patient perspective in order to capture all costs incurred by the patient in the process of care seeking. The objective of this study was to develop a cost model for the treatment of paediatric malaria from a patient perspective in the resource scarce setting of Homa Bay County, Kenya.

Methods {#s2}
=======

Study setting {#s2-1}
-------------

Kenya is classified by the World Bank as a lower middle-income country[@R8] with the under-five mortality rate at 45.6 per 1000 live births.[@R9] Homa Bay County is a rural county with a predominantly peasant economy with poverty levels above the national average and some of the poorest child health indicators in the Kenya. In 2016, the county under-five mortality was 130 per 1000 live births.[@R10] The Kenya Demographic and Health Survey 2014 also indicated that most residents of Homa Bay County lie in the lowest wealth quintile with an unfavourable Gini coefficient. These are economic indicators that may demonstrate that the average income of the residents is low. The county is located in the Eastern shores of Lake Victoria hence has climatic conditions that favour malaria endemicity, with pregnant women and children bearing the greatest burden of the disease. The prevalence of malaria in Homa Bay County, as of 2016, was 58 820 per 100 000 persons, which was more than double the national prevalence of 20 252 per 100 000 persons at that time (10). Malaria incidence usually peaks in Kenya around September to October rainy season which coincides with the time the study was conducted.

Study design {#s2-2}
------------

The study was conducted as a cross-sectional survey. This design was considered appropriate since it was strategic and affordable to collect all the data from the patients in one encounter at the end of the treatment process. Both the exposures and outcome were examined at the same time.

Costing approach {#s2-3}
----------------

Costing was conducted from a patient perspective. The total costs were summed up from component expenditures incurred per category in the process of procuring care for the child with malaria as reported by the caregiver. In this study, the costing was computed to include all user fees and non-user fee monetary expenditures incurred by the caregiver in the process of seeking care for the sick child.

Target population {#s2-4}
-----------------

The target population comprised all children below 13 years exiting government health facilities in Homa Bay County after treatment for malaria during the period of study. Children below the age of 13 years were targeted because they tend to depend wholly on their parents or guardians for health seeking decisions since they are not yet independent financially or socially.

Sampling {#s2-5}
--------

The sample size was based on the Melody study[@R11] which recommends that for cost outcomes, a sample size of approximately 200 would be required to generate a 95% CI precise to within ±10% of the mean. A multistage sampling approach was adopted. First, the county was divided into eight zones; the eight subcounties. The health facilities were then stratified based on service provision levels (level II to level V, [table 1](#T1){ref-type="table"}). The county had neither a level I nor a VI facility and only one level V facility at the time of data collection. The level V facility was purposively included in the sample. Therefore, actual facility sampling was done only for levels II, III and IV facilities. A total of 13 facilities were sampled as shown in [table 2](#T2){ref-type="table"}. From each facility, approximately 20 in-patients were sampled using the systematic random sampling approach where every other paediatric patient exiting after treatment for malaria was approached by the research assistant for recruitment. This process was repeated on daily basis until the targeted sample size of 254 participants was met.

###### 

Classification of health facilities based on service level

  Facility level   Basis                           Services offered
  ---------------- ------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------
  Level I          Community                       A range of preventive and curative services with a focus on primary care services.
  Level II         Dispensaries                    Management of common illnesses in the specific region
  Level III        Health centres                  Formal immunisation programs, HIV testing and referral
  Level IV         District referral hospitals      Antenatal care and routine birthing services, HIV/AIDS care (96%), paediatric services (93%) and emergency obstetric care (EmOC) (78%).
  Level V          Provincial referral hospitals    Surgical services, internal medicine and specialty services such as emergency EmOC and anesthesiology but less extensive as the National Referral Hospitals.
  Level VI         National referral hospitals     Surgical services, internal medicine and specialty services such as EmOC and anesthesiology

Source: Ministry of Health, 2017: The Healthcare system in Kenya and Kenyan healthcare sector: market study report

###### 

Number of health facilities and participants sampled in the study

  Facility level                  II   III   IV    V    Total
  ------------------------------- ---- ----- ----- ---- -------
  Number of facilities            13   9     12    1    35
  Number of facilities sampled    4    3     5     1    13
  Number of in-patients sampled   68   54    100   32   254

Recruitment of study participants {#s2-6}
---------------------------------

A research assistant approached a caregiver of an in-patient who had just been treated for malaria at the time of exit. This was followed by self-introduction after which the caregiver was requested to read the consent explanation (in a language they best understood- English, Swahili or Luo) and consider consenting.

Data collection {#s2-7}
---------------

Data on contributors to cost as well as cost of paediatric malaria treatment was collected from August 2016 to November 2016 by use of a structured exit interview guide on consented participants. This period was selected because malaria infections in the region usually peak during rainy seasons of September to October. Both direct costs such as out of pocket payments and cost of medicines purchased as well as indirect costs such as transport, food, waiting time and opportunity cost incurred while taking care of the sick child were measured in Kenya shillings but reported in US\$ (100 K.Shs=US\$1) .

The interviewers were trained to probe opportunity cost borne by caregivers in the process of seeking healthcare for the sick child by asking them to state their occupation. From this, the approximate forgone benefit was estimated to triangulate the information gathered from their response to the direct questions posed to the caregiver about their estimated opportunity cost.

Quality assurance {#s2-8}
-----------------

Data collectors were trained for 2 days on the survey tool as well as the procedure in a classroom setting and then practised in the pre-test health facility outside the data-collection area (Migori County). Data-collection instruments were examined by supervisors and other experts to ascertain their quality and validity.

Data analysis {#s2-9}
-------------

Data was checked for completeness, cleaned, sorted and coded. This was followed by data entry into excel (2016) spreadsheet in readiness for analysis by use of the R statistical software to compute descriptive statistics on cost of treatment. The cost of treatment was then further modelled on R (Studio) statistical package using a stepwise multiple linear regression approach.

Patient and public involvement {#s2-10}
------------------------------

Given that there was no funding for this study, no funds or time was allocated for patient or public involvement. We were therefore unable to involve patients. However, we plan to invite representatives of the public to help us write a plain language summary for further dissemination of the results.

Results {#s3}
=======

The survey was conducted across various health facilities ranging from level II to level V. Most of the participating children, 47.6% (121), had been treated in level IV facilities. Level II facilities had 26.8% (68) of the children; level III had 21.3% (54) and level V had 4.3% (11). Most participants, 55.5% (141), were 4--6 years old. Male children were 54.7% (139) while females were 45.3% (115). Most of the participants, 62.6% (159), travelled for 2--5 km to reach the health facility using mainly a motorcycle as the preferred means of transport 66.1% (168). After reaching the hospital, most of them, 72% (183), waited for about 1 hour to be served while 18.1% (46) were attended to within 30 min. Medical officers, 46.5% (118) were the most common prescribers followed by clinical officers at 35.8% (91). Nurses prescribed for 17.7% (45) of the respondents. Most caregiver-respondents, 70% (178), stayed in the hospital with their children for 2 days or less with most of them, 61.8% (157), describing the condition of their children at admission as not very sick. Most of the participants 48 %(122) first sought medical care in a community pharmacy outlet before proceeding to a government health facility. [Table 3](#T3){ref-type="table"} is a summary of the baseline characteristics of the study participants.

###### 

Sociodemographic characteristics of study participants

  Factor                                                Number of children   \%
  ----------------------------------------------------- -------------------- -------
  Facility level                                                             
   Level II                                             68                   26.8
   Level III                                            54                   21.3
   Level IV                                             121                  47.3
   Level V                                              11                   4.4
  Age of child (years)                                                       
   \<1                                                  11                   4.3
   1--3                                                 74                   29.1
   4--6                                                 141                  55.5
   7--9                                                 22                   8.7
   10+                                                  6                    2.4
  Sex of child                                                               
   Male                                                 139                  54.7
   Female                                               115                  45.3
  Distance to health facility (km)                                           
   \<1                                                  40                   15.7
   2--5                                                 159                  62.6
   5--10                                                50                   19.7
   \>10                                                 5                    2
  Mode of transport to health facility                                       
   Ambulance                                            2                    0.8
   Bicycle                                              13                   5.1
   Motorcycle                                           168                  66.1
   On foot                                              55                   21.7
   Private vehicle                                      4                    1.6
   Public service vehicle                               12                   4.7
  Waiting time before initial treatment                                      
   \<30 min                                             46                   18.1
   1 hour                                               183                  72
   2 hours                                              10                   3.9
   3 hours                                              7                    2.8
   3+ hours                                             8                    3.2
  Prescriber                                                                 
   Clinical officer                                     91                   35.8
   Medical officer                                      118                  46.5
   Nurse                                                45                   17.7
  Days of stay at the facility                                               
   1--2                                                 170                  66.93
   3--5                                                 38                   15
   6--10                                                38                   15
   10+                                                  8                    3.1
  Caregiver reported severity of Illness at admission                        
   Not very sick                                        157                  61.8
   Very sick                                            97                   38.2
  Initial treatment site                                                     
   Community pharmacy outlet                            112                  48.00
   Dispensary (Level II)                                39                   15.40
   Government hospital                                  36                   14.20
   Private hospital                                     36                   14.20
   Religious leader                                     16                   6.30
   Retail shop                                          5                    2.00

Cost drivers for the treatment of paediatric malaria in Homa Bay County {#s3-1}
-----------------------------------------------------------------------

The individual patient-reported costs per category were analysed and summarised as in [table 4](#T4){ref-type="table"}.

###### 

Patient reported costs of treating paediatric malaria in Homa Bay County

                                        Cost of treatment (US\$)                 
  ------------------------------------- -------------------------- ------ ------ ----
  Transport                             0.81                       0.50   0      20
  Food                                  2.29                       2.00   0.20   18
  Value of time used for seeking care   5.56                       3.25   1      50
  Direct payment                        1.38                       12     0      50

Modeling the cost of treating paediatric malaria {#s3-2}
------------------------------------------------

The model representing the cost of treating paediatric malaria in Homa Bay County was developed by use of stepwise multiple linear regression analysis of the costing data collected from the exit interviews. The full model was first formulated as shown in [table 5](#T5){ref-type="table"} followed by a reduced model after bootstrapping regression shown in [table 6](#T6){ref-type="table"}.

###### 

Full model of the cost of treatment of paediatric malaria

  ----------------------------------------------------------------------------------
  Full model                                                           
  ---------------------------- -------------- ----------------- ------ -------------
                                              LB--UB                    

  **Age**                      0.85 (0.42)    0.20 to 1.59      2.00   **0.047\***

  **Facility level**                                                    

   Level II                    1                                        

   Level III                   0.27 (4.08)    −9.04 to 8.40     0.06   0.945

   Level IV                    2.20 (3.52)    −6.54 to 8.84     0.63   0.533

   Level V                     7.39 (7.39)    −8.74 to 20.94    1.00   0.319

  **Distance to facility**                                              

   1--2 days                   1                                        

   3--5 days                   −3.87 (2.64)   −8.83 to 2.26     −1.5   0.144

   6--10 days                  3.89 (3.53)    −8.74 to 5.93     −1.1   0.273

   10+ days                    4.14 (6.20)    −12.31 to 12.30   0.7    0.506

  **Prescriber**                                                        

   Clinical officer            1                                        

   Medical officer             6.01 (2.55)    0.92 to 11.50     2.40   **0.021**

   Nurse                       4.91 (2.99)    −32.37 to 9.06    1.60   0.104

  **Days of stay**             2.11 (0.63)    0.86 to 3.35      0.94   **0.001**

  **Waiting time**                                                      

   \<30 min                    1                                        

   Within 1 hour               3.03 (2.38)    −2.25 to 7.77     1.30   0.206

   Within 2 hours              3.95 (4.60)    −6.73 to 12.43    0.90   0.392

   Within 3 hours              2.75 (5.15)    −8.85 to 8.13     0.50   0.594

  **Initial treatment site**                                            

   Community\                  1                                        
   Pharmacy outlet                                                     

   Dispensary                  1.59 (4.05)    −8.85 to 8.13     0.40   0.696

   Government hosp             9.59 (8.15)    −5.95 to 26.12    1.20   0.242

   Private hosp                0.09 (2.91)    −4.59 to 6.86     0.03   0.976

   Religious leader            4.20 (3.02)    −0.39 to 12.23    1.40   0.168

   Retail shop                 14.40 (6.84)   1.19 to 29.43     2.10   **0.038**
  ----------------------------------------------------------------------------------

R^2^ = 68%, R^2^- adjusted= 62%.

\*Bold p-values indicate significant association at 95% level of confidence

###### 

Reduced model for cost of treating paediatric malaria in Homa Bay County

  Reduced model---after bootstrapping regression                                          
  ------------------------------------------------ -------------- ---------------- ------ -------------
  **Age (years)**                                  0.83 (0.45)    −0.05 to 1.71    1.8    0.066
  Facility level                                                                          
   Level II                                        1                                      
   Level III                                       3.36 (3.19)    −2.97 to 9.69    1.1    0.294
   Level IV                                        5.87 (2.61)    0.70 to 11.04    2.3    **0.026\***
   Level V                                         20.64 (5.13)   10.49 to 30.83   4.0    **\<0.001**
  **Days of** **stay at facility**                 2.38 (0.58)    1.23 to 3.53     4.1    **\<0.001**
  Prescriber                                                                              
   Clinical officer                                1                                      
   Medical officer                                 6.98 (4.29)    −1.51 to 15.47   2.40   0.106
   Nurse                                           2.73 (4.63)    6.44 to 11.90    0.59   0.556

R^2^=38%, R^2-^ Adjusted=33%.

\*Bold p-values indicate significant association at 95% level of significance

A stepwise multiple linear regression was then performed to select the variables that contribute most meaningfully to the model. After this stepwise process, the variables that were isolated as mostly contributing to the model were age, facility levels, days of stay in the facility and prescriber. However, the statistically significant variables were days of stay in the facility (t value=4.10, p value \<0.001) and being treated at level IV and V facilities (t value=2.3, p value \<0.05).

From the obtained model, for every additional year of age, the total cost of care increased by US\$0.82 (95% CI=−0.05to 1.71). Compared with level II facilities, the total cost of care was more expensive by US\$14 (95% CI=3.25 to 24.78) in the level V facilities. For every additional day spent in the facility, the total cost of care increased by US\$2.35 (95% CI=1.23 to 3.48) shillings. Being prescribed medicines by a clinical officer led to the total cost being lower by US\$7.5 (95% CI=3.17 to 11.76) compared with prescription by a medical officer. The unadjusted coefficient of determination, R^2^, of the reduced model was 38% and the adjusted R^2^ was 33%. This means that 33% of the relationship between cost variables and total cost as captured in this model is explained by the model and not random chance. This model thus explains 33% of the variation in costs. From the variables in the reduced model, a regression equation was developed and summarised as follows.

The multiple linear regression equation {#s3-3}
---------------------------------------

The econometric cost model for treating paediatric malaria in Homa Bay County generated from our data was represented by the generic equation given by:

TC = β1 **Age** - β2 **Level 3** - β3 **Level 4** + β4 **Level 5** + β5 **Days of stay** + β6 **MO** + β7 **Nurse + €**

where

**TC**=total cost;

**Level 3**=treated at a level three health facility;

**Level 4**=treated at a level four health facility;

**Level 5**=treated at a level five health facility;

**Days of stay** =number of days the respondent stays in the facility;

**€**=error term.

On substitution of the values of the coefficients, the final regression equation is

**Total Household Cost**=3.36\***Level III**+5.87\***Level IV**+20.63\***Level V**+23.83\***Days of stay**+6.98\*Medical Officer+2.73\*Nurse + **€**

Discussion {#s4}
==========

This study was conducted in Homa Bay County which is in rural Western Kenya. The findings may therefore not be generalisable to other parts of the country. Costing was performed from a patient perspective. The patient perspective was considered the most appropriate because the survey focused on the individual patients at the point of exiting the process of care. The findings can therefore only be interpreted from this perspective. The median total cost (US\$) was 6.5 with a mean of 10 and a range of 1.4--65. This was lower than those reported from a study in Zambia where the average cost was 32 for uncomplicated and US\$77 for severe complicated malaria[@R12] and from an earlier Kenyan Study with an average cost of US\$96.[@R13]

Non-user fees such as cost of transportation and food were almost double the user fees, indicating that such costs of care could be a major barrier to accessing care in this rural County even though official user fees for paediatric malaria were abolished by the government. It also shows that some facilities still charged unofficial user fees thus increasing the barrier to access. These findings concur with those from a study in Bolivia which indicated that indirect costs still impeded access to paediatric care irrespective of user fee abolition.[@R14]

One of the main contributors to total household costs was the value of time lost in the process of seeking care. This contributor was however measured subjectively from the verbal reports of respondents. An attempt to triangulate this information was made by way of asking the respondents to state their occupation. Most previous studies have not incorporated the cost of time lost due to care seeking in their costing models.

Compared with level II facilities, the total cost of care was more expensive by US\$14 (95% CI=3.25 to 24.78) in the level V facility. This increased total cost in higher level hospitals is in concurrence with the findings of a study in China.[@R15] The level V facility was centrally located in the county and had healthcare providers with higher academic qualifications than those in lower level facilities. Before a patient is sent to such a facility, they were likely to have gone through lower level facilities. The cases referred to it are therefore more severe or need more specialised attention than those at lower level facilities. Similarly, before a patient comes to the higher level facility, they would have spent more on transport cost since it is centrally located in the county. They would also have spent more time caring for the ill child at the lower level facility prior to referral higher level. This may explain why the cost involved is at higher level facilities is higher compared with lower level facilities.

The average number of days spent in the facility was 2 days. For every additional day spent in the facility, the total cost of care increased by US\$2.35 (95% CI=1.23 to 3.48). The number of days spent in the facility may also have been influenced by factors such the severity of illness at admission, the time taken before seeking care, quality of care and the bed capacity of the hospital.[@R16]

Being prescribed medicines by a clinical officer led to the total cost being lower by US\$7.5 (95% CI=3.17 to 11.76) compared being prescribed to by a medical officer. This may be because medical doctors tend to prescribe branded medicines more than their generic versions.[@R18] However, in government health facilities where patients do not pay for consultation, this observation cannot be fully explained. Studies elsewhere have also reported that seeking care from medical doctors is more costly than lower cadre healthcare providers.[@R19] Medical officers were more often found in higher level facilities which are few and centrally located hence accessing them attracted more transport and hotel costs. In many cases of paediatric malaria treatment, the main cost centres are often consultation, medicines, transport and hospitalisation with the most significant being the cost of medicines.[@R20] In the contrary, from our findings, the greatest contributor to the total cost of care is the opportunity cost of productive time lost while caring for the sick child.

Conclusion {#s5}
==========

The Homa Bay County Referral Hospital (level V) is much more costly than the other lower level health facilities in the county indicating that the poorest who may not afford or access the specialised treatment offered thus may be financially barred from obtaining the superior paediatric malaria care. The top two drivers of patient borne cost of paediatric malaria treatment in Homa Bay County are being admitted at the county referral hospital and a medical officer prescribing the medication. Efforts aiming at reducing the cost of paediatric malaria treatment therefore need to focus on availing quality treatment at the lower level facilities through better trained and experienced staffing, performance monitoring and improved infrastructure.

Unanswered questions and future research {#s5-1}
----------------------------------------

From our findings, one of the greatest contributors to cost of treatment is being treated by a medical officer. It is not clear why this would be so especially in public health facilities where patients do not pay directly for consultation. This could be some form of indictment on the training and experience as well as training on treatment guidelines of medical staff in public service. There is therefore need for further research in other counties and regions to attempt to validate this finding.

Supplementary Material
======================

###### Reviewer comments

###### Author\'s manuscript

We wish to acknowledge the statistician, Dr Alex Mwaniki for his assistance with the conceptualisation of the study design and data analysis.

**Contributors:** The conceptualisation and protocol development was done by all the authors. Data collection and analysis was done by MOK. MOK drafted the manuscript which was validated and edited by JOO and BKA. All authors gave final approval of the version to be published. All authors declare no financial nor personal relationship conflict of interest. All authors agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.

**Funding:** The authors have not declared a specific grant for this research from any funding agency in the public, commercial or not-for-profit sectors.

**Competing interests:** None declared.

**Patient consent for publication:** Not required.

**Ethics approval:** All principles pertaining ethical conduct of research with human subjects were adhered to in this study as embodied in the Declaration of Helsinki. Ethical approval was obtained from the Kenyatta National Hospital/University of Nairobi-Ethics and Review Committee (KNH-UON ERC Ref-P389/05/2016).

**Provenance and peer review:** Not commissioned; externally peer reviewed.

**Data availability statement:** Data are available in a public, open access repository. Extra data can be accessed via the Dryad data repository at <http://datadryad.org/> with the doi: 10.5061/dryad.prr4xgxhn.
